Micro-fluid ic Devices 



Background of the Invention 

1. Field of the Invention 

This invention relates to the fabrication of microstructures, and more particularly 
to a method of making an active micro-fluidic device from a micro-machined 
substrate. 

2. Description of Related Art 

Micro-fluidic devices are used in many applications. They come in two varieties: 
active and passive. Typical examples of active devices would be micro- 
detection/ analysis/ reactor systems; micro-chemical detection/ analysis/ reactor 
systems; micro-opto-fluidics systems; micro-fluid delivery systems; micro-fluid 
interconnect systems; micro-fluid transport systems; micro-fluid mixing systems; 
micro-valves/ pumps systems; micro flow/pressure systems; micro-fluid control 
systems; micro-heating/ cooling systems; micro-fluidic packaging; micro-inkjet 
printing; biochips; and laboratory-on-a-chip, LOAC, devices. Typical examples 
of passive (i.e. off-chip electronics) micro-channels, would be micro-chemical 
detection/ analysis systems; micro-detection/analysis systems; micro-chemical 
detection /analysis systems; micro-opto-fluidics systems; micro-fluid delivery 
systems; micro-fluid interconnect systems; micro-fluid transport systems; micro- 
fluid mixing systems; micro-valves/ pumps systems; micro flow/pressure 
systems; micro-fluid control systems; micro-heating/cooling systems, micro- 
fluidic packaging; micro-inkjet printing; biochips; and LOAC devices. 

The prior art shows that passive micro-fluidics devices with micro-channels are 
largely fabricated from the combination of various polymer substrates, such as: 
acrylonitrile-butadiene-styrene copolymer, polycarbonate, poly dime thy Isiloxane 
(PDMS), polyethylene, polymethylmethacrylate (PMMA), polymethylpentene, 
polypropylene, polystyrene, polysulfone, polytetrafluoroethylene (PTFE), 
polyurethane, polyvinylchloride (PVC), polyvinylidine fluoride (PVF), or other 
polymer. In this case, lithography or mechanical stamping is used to define a 
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network of micro-fluidics channels in one of these substrate, prior to the 
assembly and the thermally assisted bonding of this first substrate to another 
such substrate. The result is a simple passive micro-fluidics device which can be 
patterned with conductive layers as to connect an external processor used to 
5 provoke fluid movement by electrophoresis or electro-osmosis, analysis and data 
generation. Figures la to lc of US patent no. 6,167,910 show an example of a 
passive micro-fluidics device obtained from the fusion of such polymeric 
substrates. 

The prior art also indicates that passive micro-fluidics devices with micro- 
10 channels can be fabricated by combining various micro-machined silica or quartz 
^ substrates. Again, assembly and fusion bonding is required. The result is a simple 

*g passive micro-fluidics device which can be patterned with conductive layers as to 

1=^ connect an external processor used to provoke fluid movement by 

i J electrophoresis or electro-osmosis, analysis and data generation. Figure 1 of US 

:Jj 15 patent no. 6,131,410 shows an example of such passive micro-fluidics devices 
- with micro-channels obtained from the fusion of such silica substrates. 

*^== 

s j{ The prior art indicates that passive micro-fluidics devices with micro-channels 

,p can be fabricated from a passive micro-machined silicon structural substrate. 

\2 Again, assembly and fusion bonding of at least two sub-assemblies is required. 

20 The result is a simple passive micro-fluidics device to connect to an external 

processor used to provoke fluid movement, analysis and data generation. Figures 
1 to 3 of US patent no. 5,705,018 show an example of such passive micro-fluidics 
devices with micro-channels obtained from a passive micro-machined silicon 
substrate. 

25 The prior art also discloses that active micro-fluidics devices (with no micro- 
channels) can be fabricated from an active micro-machined silicon substrate. In 
this case, the control electronics integrated in the silicon substrate is used as an 
active on-chip fluid processor and communication device. The result is a 
sophisticated device which can perform, in pre-defined reservoirs, without 

30 micro-channels, various fluidics, analysis and (remote) data communication 
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functions without the need of an external fluid processor in charge of fluid 
movement, analysis and data generation. Figure 3B of US patent no. 6,117,643 
shows an example of such active micro-fluidics devices (with no micro-channels) 
obtained from an active micro-machined silicon substrate. 

Summary of the Invention 

This invention relates to an improved micro-machining technique which uses a 
maximum processing temperature of less than 500°C to fabricate micro-fluidics 
elements and micro-channels over an active semiconductor device thus resulting 
in integrated active micro-fluidics devices with micro-channels. The 
manufacturing of micro-fluidic devices with micro-channels requires the 
fabrication of micro-fluidics elements and micro-channels for the processing of 
fluids. 

Accordingly the present invention provides a method of fabricating a 
microstructure for micro-fluidics applications, comprising the steps of forming a 
layer of etchable material on a substrate; forming a mechanically stable support 
layer over said etchable material; performing an anisotropic etch through a mask 
to form a pattern of holes extending through said support layer into said etchable 
material, said holes being separated from each other by a predetermined 
distance; performing an isotropic etch through each said hole to form a 
corresponding cavity in said etchable material under each said hole and 
extending under said support layer; and forming a further layer of depositable 
material over said support layer until portions of said depositable layer 
overhanging each said hole meet and thereby close the cavity formed under each 
said hole. 

The holes should generally be set a distance apart so that after the isotropic etch 
the cavities overlap to form the micro-channels. In one embodiment, they can be 
set further apart so as to form pillars between the cavities. This embodiment is 
useful for the fabrication of micro-filters. 



The invention permits the fabrication of active micro-fluidics devices with micro- 
channels from an active micro-machined silicon substrate directly over a 
Complementary Metal Oxide Semiconductor device, CMOS device, or a high- 
voltage CMOS (or BCD) device. 

CMOS devices are capable of very small detection levels, an important pre- 
requisite in order to perform electronic capacitance detection (identification) of 
entities in suspension in the fluids with low signal levels. CMOS devices can 
perform the required data processing and (remote) communication functions. 
High-voltage CMOS (or Bipolar-CMOS-DMOS, BCD) devices with adequate 
operation voltages and operation currents are capable of performing the required 
micro-fluidics in the micro-channels and allowing the integration of a complete 
Laboratory-On-A-Chip concept. 

This invention employs an improved micro-machining technique used to 
integrate to CMOS and high-voltage CMOS (or BCD) devices the micro- 
machining steps which allow the fabrication of the micro-fluidics elements and 
micro-channels at a maximum processing temperature not exceeding 500°C 
without the use of a second substrate and without the use of thermal bonding. 
The maximum processing temperature of 500°C prevents the degradation of the 
underlying CMOS and high-voltage CMOS (or BCD) devices; and prevents any 
mechanical problems such as plastic deformation, peeling, cracking, de- 
lamination and other such high temperature related problems with the thin 
layers used in the micro-machining of the micro-fluidics device. 

The novel materials combination described is not typical of Micro-Electro- 
Mechanical-Systems (MEMS) which typically use Low Pressure Chemical 
Vapour Deposited polysilicon, LPCVD polysilicon, and Plasma Enhanced 
Chemical Vapour Deposited silica, PECVD Si0 2 , combinations. The use of 
LPCVD polysilicon is proscribed because of its required deposition temperature 
of more then 550°C. 
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An innovative sacrificial material is Collimated Reactive Physical Vapour 
Deposition of Titanium Nitride, CRPVD TiN. This sacrificial CRPVD TiN 
material has excellent mechanical properties, excellent selectivity to Isotropic Wet 
Etching solutions used to define the micro-channels in thick layers of Plasma 
5 Enhanced Chemical Vapour Deposited, PECVD, Si0 2/ and a deposition 
temperature of about 400°C. 

Brief Description of the Drawings 

The invention will now be described in more detail, by way of example, only with 
reference to the accompanying drawings, in which:- 

10 Figure 1 illustrates an intermediate stage in the production of a micro-fluidic 
y device up to and including step 6 of the micro-machining sequence; 

jjf Figure 2 illustrates step 7 of the micro-machining sequence; 

Q 

Figure 3 illustrates step 8 of the micro-machining sequence; 

. *=: 

Ul Figure 4 illustrates step 9 of the micro-machining sequence; 

|3 is Figure 5 illustrates step 10 of the micro-machining sequence; 
^ Figure 6 illustrates step 11 of the micro-machining sequence; 

Figure 7 illustrates step 12 of the micro-machining sequence; 

Figure 8 illustrates step 13 of the micro-machining sequence; 

Figure 9 shows scanning electron micrograph, SEM, cross section views and top 
20 views demonstrating the closure of the micro-channels with PECVD Si02; 

Figure 10 shows a scanning electron micrograph, SEM, cross-section view of a 
micro-channel achieved with the dotted-hole approach; 

Figure 11 shows a scanning electron micrograph, SEM, top view of a micro- 
channel achieved with the dotted-hole approach; 

25 Figure 12 shows a scanning electron micrograph, SEM, cross-section view of a 
series of independent micro-channels achieved with the dotted-hole approach; 
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Figure 13 shows a scanning electron micrograph, SEM, top view of a series of 
independent micro-channels achieved with the dotted-hole approach; 

Figure 14 shows a scanning electron micrograph, SEM, top view of a large size 
ball-room achieved from a matrix of independent holes (The top layer has been 
5 mechanically removed in order to observe the underlying features); 

Figure 15 is a top view of a Tee micro-channel using the dotted-holes approach; 

Figure 16 is a top view of intersecting micro-channels using the dotted-holes 
approach; 

Figure 17 is a top view of an angled micro-channel splitter using the dotted-holes 
^ 10 approach; 

]% Figure 18 is a top view of a diverging /converging micro-channel using the 

|^ dotted-holes approach; and 

2 Figure 19 is a top view example of a filter using the dotted-holes approach (The 

Ifl thinner the oxide, the smaller the distance between the holes and the finer the 

p 15 filter). 

|U Detailed Description of the Preferred Embodiments 

p The fabrication steps of micro-fluidics devices with micro-channels over existing 

CMOS and high-voltage CMOS (or BCD) devices is described into our patent co- 
pending US patent application no. 09/842,536 filed April 27, 2001. 

20 In an initial preparatory step, step 0, a CMOS process is used to fabricate a 

semiconductor device 10 (Figure 1) including interlayer dielectric isolation (ILD) 
12 between the last LPCVD poly silicon level 14 and the first metal level or 
alternately between the first metal level and the second metal level. The isolation 
dielectric 12 is present before the beginning of the micro-machining steps to be 

25 described. An opening is made through this isolation dielectric 12 to reach the 
areas of the last LPCVD polysilicon layer or of the first metal level which will be 
used as an electrode connected to high-voltage CMOS devices for fluid 
movement. 
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In step 1 of the micromachining process, a layer 16 of PECVD Si 3 N 4 about 0.10 um 
thick is deposited at 400°C. In step 2, a layer 18 of CRPVD TiN about 0.10 um is 
deposited at 400°C. In step 3, a layer 20 PECVD Si0 2 about 10.0 um thick is 
deposited at 400°C. 

5 Next, in step 4 a layer 22 of CRPVD TiN about 0.10 um thick is deposited at 
400°C. In step 5, a layer 24 of PECVD Si 3 N 4 about 0.40 um thick is deposited at 
400°C. In step 6, a layer 26 of CRPVD TiN about 0.20 um thick is deposited at 
400°C. 

In step 7, shown in Figure 2, the first micro-machining mask is applied to define 
10 the MEMS region. This is followed by the Anisotropic Reactive Ion Etching, 
M (Anisotropic RIE) of the CRPVD TiN /PECVD Si 3 N 4 /CRPVD TiN sandwich 

ijj followed by the partial Anisotropic RIE of the PECVD SiO z layer 20, leaving a 

!^ residual shoulder 20a. 

In step 8, shown in Figure 3, the second micro-machining mask is applied to 
l ~° 15 . define the Isotropic Wet Etching openings 29 followed by the Anisotropic RIE of 
D the CRPVD TiN /PECVD Si 3 N 4 /CRPVD TiN sandwich and followed by the 

jfj completion of the Anisotropic RIE of the PECVD Si0 2 outside the MEMS region 

'5 as to reach the bottom 28 of CRPVD TiN layer. The degree of penetration of the 

H 8 opening 29 into the PECVD Si0 2 layer 20 of the future micro-channel is not 

20 critical. 

In 9, shown in Figure 4, a layer of CRPVD TiN 30 about 0.10 pm thick is 
deposited at 400°C. 

In step 10, shown in Figure 5, an anisotropic reactive ion etch (RIE) of the CRPVD 
TiN which provides CRPVD TiN spacers 32 on vertical side-walls is carried out 
25 to form the openings where an Isotropic Wet Etching will be performed. 

In step 11, shown in Figure 6, the isotropic wet etching of the PECVD Si0 2 layer 
20 is carried out using either a mixture of Ethylene Glycol, C 2 H 4 0 2 H 2 , 
Ammonium Fluoride, NH 4 F, and Acetic Acid, CH 3 COOH, or alternately a 
mixture of Ammonium Fluoride, NH 4 F, Hydrofluoric Acid, HF, and Water, H 2 0, 
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as to properly define the micro-channels. These two isotropic wet etchings are 
selective to CRPVD TiN which is used to protect the upper PECVD Si 3 N 4 layer. 
Following the isotropic wet etching, the CRPVD TiN/PECVD Si 3 N 4 /CRPVD TiN 
sandwich is suspended over the micro-channels. The mechanical properties and 
5 relative thickness of the CRPVD TiN and PECVD Si 3 N 4 layers are adjusted such 
that the structure is mechanically stable, i.e. does not bend-up or bend-down over 
the defined micro-channel, does not peel-off the edges of the underlying PECVD 
Si0 2 , and does not break-down or collapse. 

In step 12, shown in Figure 7, the isotropic wet removal of the CRPVD TiN is 
10 carried out using a mixture of Ammonium Hydroxide, NH 4 OH, Hydrogen 

Peroxide, H 2 0 2 , and Water, H 2 0. This Isotropic Wet Removal is selective to the 
PECVD Si0 2 and to the PECVD Si 3 N 4 . This step results in the formation of cavity 
34 forming the micro-channel extending out of the plane of the drawing. 
Following the Isotropic Wet Etching, the PECVD Si 3 N 4 layer is suspended over 
15 the micro-channels so its mechanical properties and thickness are adjusted such 
that the layer is mechanically stable, i.e. does not bend-up or bend-down over the 
defined micro-channel, does not peel-off the edges of the underlying PECVD 
Si0 2 , does not break-down or collapse. 

In step 13, shown in Figure 8, the closure of the opening 29 is carried out with the 
20 deposition of a layer 35 of PECVD Si0 2 about 1.40 pm thick at a temperature of 
400°C. This is possible because the natural overhanging of PECVD Si0 2 on 
vertical surfaces allows a lateral growth of deposited material on these surfaces 
and ultimately, a closure of the openings. This closure of openings 29 with 
PECVD Si0 2 is important because it allows the formation of an enclosed micro- 
25 channel without the need of bonding two substrates and permits the fabrication 
of active micro-channels, in contrast to open micro-reservoirs. Some PECVD Si0 2 
material is deposited at the bottom of the micro-channel over the electrode. 

Figure 9 shows a scanning electron micrograph, SEM, cross sectional views and 
top views demonstrating the closure of the micro-channels with PECVD Si0 2 . 
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The pictures are for the SEM demonstration of the closure of the long-and- 
narrow openings over the micro-channels. 

So far the approach is similar to that described in our co-pending application 
referred to above. In this co-pending application the openings 29 (Figure 3) are in 
5 the form of long and narrow channels. The fabrication of micro- fluid ics devices 
with micro-channels over existing CMOS and high-voltage CMOS (or BCD) 
devices can be improved replacing the long and narrow channels with a series of 
"dotted holes" extending along the path of the channels as described below. The 
holes are formed in the same manner as the channels with the aid of a suitable 
10 mask. This approach has the advantage of being much more flexible because the 
s=e - dotted holes can be used to generate a wide variety of enclosed micro-fluidics 

k O elements. As the holes have small diameters, they are easy to close, and the holes 

?0 

I s * are close enough that after the wet isotropic etch (Step 11, Figure 6), the etched 

O 

y cavities overlap to form one continuous channel extending under the path of the 

. 

jjS 15 holes. The holes are closed in the same manner as the channels as described with 
reference to Figure 8. The opening 29 illustrated in Figure 3 can be thought of as 

£ 2 

'■•'-4 one of a series of holes extending normal to the plane of the paper instead of a 

! ^ continuous channel as in the co-pending application. 

Thus instead of forming one continuous long-and-narrow opening (Step 8, Figure 
20 3), a series of precisely positioned minimum size holes spaced by a maximum 
pre-determined distance are formed in the . The openings of these precisely 
positioned holes also allow the wet etching (Step 11, Figure 6) of micro-channels 
because the pre-determined distance between the holes allows etch overlapping 
in the direction of the aligned holes. 

25 The hole size of the series of aligned holes should be minimized, and preferably 
about 0.8 pm. The hole size can range between 0.3 jum and 5.0 jam. The smaller 
the size of hole, the easier the closure. 

The maximum pre-determined distance between neighboring holes of a series of 
aligned holes to be used to define an underlying micro-channel should be 
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minimized. It is preferably about 2.0 pm and can range between 0.8 jim and 10.0 
jam. If the maximum distance between neighboring holes is kept smaller than a 
pre-determined value, which depends upon the thickness of PECVD Si0 2 (Step 
3), the resulting micro-channels have smooth lateral walls with minimum ripples 
and are even easier to close with PECVD Si0 2 (Step 13, Figure 8) than equivalent 
long-and-narrow openings. 

The pre-determined distance between neighboring holes can be intentionally 
increased so as leave residual pillars between two wet-etched regions for use as 
mechanical filters, for example. In this case, the distance between neighboring 
holes has to be larger then the thickness of PECVD Si0 2 (step 3) to be wet-etched. 
The thickness of PECVD Si0 2 (step 3) to be wet-etched is preferably about 8.0 jam 
but can range between 1.0 and 100.0 jam. 

The micro-channel achieved with the dotted-hole approach can be straight or can 
follow a curved line in the plane of the substrate. In that case, the dotted holes are 
positioned in a curved line as to allow the formation of the required curved 
micro-channel. 

The "dotted holes" can be used to make "ball-rooms" from matrices of 
independent holes. The ball-rooms can be of odd shapes and can be of varying 
sizes including quite large sizes. In the case of a large size ball-room, the 
compressive or tensile mechanical stress of the top layer structure (CRPVD 
TiN/ PECVD Si 3 N 4 /CRPVD) has to be minimum, preferably lower then 1000 
Mpa, to prevent delamination or cracking of the structure during wet etching of 
the underlying PECVD Si0 2 . 

Figure 10 shows a scanning electron micrograph, SEM, cross-section view of a 
micro-channel achieved with the dotted-hole approach. The picture is for SEM 
purposes only. In this case, the step 9 was not performed to protect against lateral 
etching of the opening. 

Figure 11 shows a scanning electron micrograph, SEM, view of a micro-channel 
achieved with dotted-holes. The cavity 34 can be clearly seen under the 
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corresponding hole 40. The cavities associated with each hole overlap to form the 
micro-channel. 

Figure 12 shows a scanning electron micrograph, SEM, cross-section view of a 
series of independent micro-channels achieved with the dotted-hole approach. 

Figure 13 shows a scanning electron micrograph, SEM, top view of a series of 
independent micro-channels achieved with the dotted-hole approach. 

Figure 14 shows a scanning electron micrograph, SEM, top view of a large size 
"ball-room" achieved from a matrix of independent holes. The top layer was 
mechanically removed in order to expose the underlying features. 

It will be appreciated that the structures illustrated are made for the SEM 
purposes and do not represent actual devices. 

Figure 15 shows a dotted hole layout for the fabrication of a Tee micro-channel 
with the dotted-holes approach. The holes 40 are laid are formed in the 
workpiece shown in Figure 8 in the form as a T. When the subsequent isotropic 
wet etch (Figure 3) is carried out, the etched cavities overlap and form the T- 
shaped channel 42. This is closed off in the same way as the single cavity 
described with reference to Figure 8. 

Figure 16 shows the formation of a channel intersection 46 with a cross 
arrangement of holes 40. The principle is the same as for Figure 15. After the wet 
isotropic etch, the etch cavities overlap forming the micro-channels 46. These are 
then closed off in the same manner as described above. 

Figure 17 illustrates the fabrication of an angled micro-channel splitter 48, Figure 
18 illustrates the fabrication of a diverging/converging micro-channel 50, and 
Figure 19 illustrates the fabrication of a filter 52 . In the latter case the holes 40 are 
distributed in a pattern that after etching results in a pattern of cavities 52 
forming the filter. 

Many variants of the above-described structures will be apparent to persons 
skilled in the art. The substrate could have no active device at all and be used as a 
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passive substrate. Examples of suitable substrates are: Silicon, Quartz, Sapphire, 
Alumina, acrylonitrile-butadiene-styrene copolymer, polycarbonate, 
polydimethylsiloxane (PDMS), polyethylene, polymethylmethacrylate (PMMA), 
polymethylpentene, polypropylene, polystyrene, polysulfone, 
polytetrafluoroethylene (PTFE), polyurethane, polyvinylchloride (PVC), 
polyvinylidine fluoride (PVF). 

The substrate could contain various types of low-voltage devices including: 
sensitive N-type MOS, sensitive P-Type MOS, high speed NPN Bipolar, high 
speed PNP Bipolar, Bipolar-NMOS, Bipolar-PMOS or any other semiconductor 
device capable of low signal detection and /or high speed operation. 

The substrate could contain various types of high-voltage devices including: N- 
type Double Diffused Drain MOS, P-type Double Diffused Drain MOS, N-type 
Extended Drain MOS, P-type Extended Drain MOS, Bipolar NPN, Bipolar PNP, 
Bipolar-NMOS, Bipolar-PMOS, Bipolar-CMOS-DMOS (BCD), Trench MOS or 
any other semiconductor device capable of high voltage operation at voltages 
ranging from 10 to 2000 volts. 

The substrate could have a compound semiconductor portion capable of on-chip 
opto-electronic functions such as laser emission and photo-detection. In that case, 
the substrate could be: Silicon with such on-chip opto-electronic functions, III-V 
compound semiconductor, II- VI compound semiconductor, II-IV compound 
semiconductor or combinations of II-III-IV-V semiconductors. 

The lower polysilicon or Al-alloy capacitor electrode of Step 0 could be replaced 
by other electrically conductive layers, such as: Copper, Gold, Platinum, 
Rhodium, Tungsten, Molybdenum, Silicides or Polycides. 

The lower Si 3 N 4 layer defined at step 1 could be made thicker or thinner if the 
selectivity of the wet etching of Step 11 is poorer or better to prevent excessive 
etch of the electrode located under this Si 3 N 4 layer or it could simply be 
eliminated if the fluid has to be in physical contact with the electrode located 
under this Si 3 N 4 layer. 
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The sacrificial TiN layer defined at Step 2 could be made thicker, thinner or 
simply eliminated if the selectivity of the wet etching of step 11 is poorer, better 
or simply good enough to prevent excessive etch of the material located under 
this sacrificial TiN layer, or it could simply be eliminated if the fluid to be present 
inside the micro-channel has to be in physical contact with the electrode located 
under this TiN layer. 

The Si0 2 material of the micro-channel defined at step 3 could be made thicker or 
thinner than 10.0 jam depending upon the required size of micro-channel. 

The Si0 2 material of the micro-channel defined at step 3 could be replaced by a 
deposited thin /thick polymer film (using plasma-polymerization or other 
thin/thick polymer film deposition technique) such as: acrylonitrile-butadiene- 
styrene copolymer, polycarbonate, polydimethylsiloxane (PDMS), polyethylene, 
polymethylmethacrylate (PMMA), polymethylpentene, polypropylene, 
polystyrene, polysulfone, polytetrafluoroethylene (PTFE), polyurethane, 
polyvinylchloride (PVC), polyvinylidine fluoride (PVF). In this case a suitable 
isotropic wet etching selective to the other layers could be used to define the 
micro-channel into the thin/thick polymer film. The same thin/thick polymer 
film deposition technique could be used to ensure the closure of the openings 
over the micro-channels. Lower metallization temperatures would have to be 
used to prevent the thermal decomposition of the polymeric films. 

The Si0 2 material of the micro-channel defined at step 3 could be replaced by a 
spun-on polyimide layer. In this case an isotropic wet etching selective to the 
other layers should be used to allow the formation of the micro-channel into the 
polyimide film; 

The same thin/ thick polymer film deposition technique could be used to ensure 
the closure of the openings over the micro-channels. Lower metallization 
temperatures should be used in this case to prevent the thermal decomposition of 
the polyimide film. 
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The Si0 2 material of the micro-channel defined at step 3 could be alloyed with 
different elements such as: Hydrogen, Boron, Carbon, Nitrogen, Fluorine, 
Aluminum, Phosphorus, Chlorine, or Arsenic. 

The PECVD Si0 2 material of the micro-channel defined at step 3 could be 
deposited by technique other than PECVD, including: Low Pressure Chemical 
Vapor Deposition, LPCVD, Metal Organic Chemical Vapor Deposition, MOCVD, 
Electron Cyclotron Resonance Deposition, ECRD, Radio Frequency Sputtering 
Deposition, RFSD. 

The sacrificial TiN layer defined at step 4 could be made thicker, thinner or 
simply eliminated if the selectivity of the wet etching of step 11 is poorer, better 
or simply good enough to prevent excessive etch of the material located over this 
sacrificial TiN layer. 

The sacrificial TiN defined at step 4, step 6, and step 9 could be replaced by 
another sacrificial layer having: a) mechanical properties preventing warpage, 
delamination, cracking or other degradation of the suspended structured 
obtained at step 11 and b) excellent selectivity to Isotropic Wet Etching solutions 
used to define the micro-channels at step 11. 

The sacrificial CRPVD TiN defined at step 4, step 6 and step 9 could be deposited 
by another technique, including: Metal Organic Chemical Vapor Deposition, 
MOCVD, Low Pressure Chemical Vapor Deposition, LPCVD, Plasma Enhanced 
Chemical Vapour Deposition, PECVD, Long Through Deposition, LTD, Hollow 
Cathode Deposition, HCD, and High Pressure Ionization Deposition, HPID. 

The upper Si 3 N 4 layer defined at Step 5 could be made thicker or thinner than 0.40 
}im depending on its mechanical properties and on the mechanical properties of 
the surrounding materials as to prevent mechanical problems such as plastic 
deformation, peeling, cracking, de-lamination and other such problems at step 
11. 

The sacrificial TiN layer defined at step 6 could be made thicker, thinner or 
simply eliminated if the selectivity of the wet etching of step 11 is poorer, better 
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or simply good enough to prevent excessive etch of the material located under 
this sacrificial TiN layer. 

The partial Anisotropic RIE defined at step 7 could be eliminated if there is no 
need to define MEMS regions and non-MEMS regions in the device. 

5 The deposition and partial RIE of the CRPVD TiN respectively defined at step 9 
and step 10 providing CRPVD TiN 'spacers' on vertical side-walls of the 
openings could be eliminated if the selectivity of the wet etching of step 11 is 
such that there- is no need for CRPVD TiN 'spacers' on vertical side-walls of the 
openings. 

10 The sacrificial TiN layer defined at step 9 could be made thicker or thinner if the 
selectivity of the wet etching of step 11 is poorer or better to prevent excessive 
etch of the material located behind this sacrificial TiN layer. 

The wet isotropic etching of PECVD Si0 2 defined at step 11 could be performed 
using other liquid mixtures than either: a) the C 2 H 4 0 2 H 2 , NH 4 F, and CH 3 COOH, 
15 or alternately b) NH 4 F, HF, and H 2 0, so as to properly define the micro-channels. 
Any other isotropic wet etchings of PECVD Si0 2 could be used if they are 
selective enough to the bottom layer of step 1 (or to the bottom electrode if no 
such bottom layer is used) and to the combination of layers becoming suspended 
during this isotropic wet etching. 

20 The isotropic wet removal of the CRPVD TiN defined at step 12 could be 
eliminated if there is no use of sacrificial CRPVD TiN in the sequence. 

The isotropic wet removal of the CRPVD TiN defined at step 12 could be 
performed using other liquid mixtures than NH 4 OH, H 2 0 2/ and H 2 0 if the 
isotropic wet removal is selective to the PECVD Si0 2 and to the other layers in 
25 contact with the isotropic wet removal. 

The Si0 2 material of the micro-channel defined at step 13 could be made thicker 
or thinner than 1.40 jam depending upon the size of opening to be filled. 
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The Si0 2 material of the micro-channel defined at step 13 could be replaced by a 
deposited polymer film (using plasma-polymerization or other thin /thick 
polymer film deposition technique) such as: acrylonitrile-butadiene-styrene 
copolymer, polycarbonate, poly dime thy Isiloxane (PDMS), polyethylene, 
5 polymethylmethacrylate (PMMA), polymethylpentene, polypropylene, 
polystyrene, polysulfone, polytetrafluoroethylene (PTFE), polyurethane, 
polyvinylchloride (PVC), polyvinylidine fluoride (PVF). 

The Si0 2 material of the micro-channel defined at step 13 could be alloyed with 
different elements such as: Hydrogen, Boron, Carbon, Nitrogen, Fluorine, 
10 Aluminum, Phosphorus, Chlorine, or Arsenic. 

y The PECVD Si0 2 material of the micro-channel defined at step 13 could be 

'-•0 deposited by another technique then PECVD, including: Low Pressure Chemical 

□ Vapor Deposition, LPCVD, Metal Organic Chemical Vapor Deposition, MOCVD, 
Electron Cyclotron Resonance Deposition, ECRD, Radio Frequency Sputtering 

^ 15 Deposition, RFSD and could incorporate the use of a filling technique such as 

:i 

□ Spin-On Glass, SOG, as to provide a smooth seamless upper surface. 

lU The fluidics components to be machined using the dotted-holes approach can be 

Q applied without limitation to Tee micro-channels; intersecting micro-channels; 

**** splitting micro-channels; converging micro-channels; diverging micro-channels; 

20 variable Width micro-channels; filters; and can also be used for micro- 
detection/analysis/reactors; micro-opto-fluidics systems; micro-fluid delivery 
systems; micro-fluid interconnect systems; micro-fluid transport system; micro- 
fluid mixing systems; micro-valves /pumps systems; micro flow/pressure 
systems; micro-fluid control systems; micro-heating/cooling systems; micro- 
25 fluidic packaging; micro-inkjet printing; laboratory-on-a-chip, LOAC, devices; 
MEMS requiring enclosed micro-channels; and MEMS requiring micro-channels. 

An important advantage of the new dotted-holes approach described is its 
flexibility. 
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